(1) Two different methods were used to assess the influence of the enchytraeid Cognettia sphagnetorum Vedj. and the tipulid Molophilus ater (Meigen) on the decomposition of blanket bog litter. The litter and the animals were confined within bags of nylon mesh sufficiently fine to prevent significant loss of particulate matter. Loss of weight over a period of 3 months in the field was measured and also the rate of uptake of oxygen at 10 °C by the contents of the bags at the end of the field experiment.
METHODS
The sample site The site is an area of blanket bog vegetation at Sike Hill (Grid reference: N.Y. 769331) at altitude 550 m which has been described by . Calluna vulgaris (L.) Hull. forms a more or less uniform layer with tussocks of Eriophorum vaginatum L. evenly distributed amongst it. The growth form of Calluna vulgaris at this site is decumbent from a trailing stem which becomes covered by leaf litter and overgrown by Sphagnum sp.
Empetrum nigrum L. and Rubus chamaemorus L. are constants (Eddy, Welch & Rawes 1969).
The experimental plot was 30 x 20 m marked out into six squares. Climatic data for Moor House are shown in Table 1 .
Design of experiment
Three field experiments were completed, two in summer, one in winter. In the first, the litter to be used was collected from the site on 17 May 1971. Litter of three plant species was used and each was subsequently treated in three different ways with respect to the animal component. There were six replicates of each treatment. Weighed quantities of litter were put into nylon mesh bags and animals added. The litter bags were replaced in The investigation at Moor House National Nature Reserve described here was undertaken as an extension of a study to estimate the productivity of Cognettia sphagnetorum; a small enchytraeid occurring in blanket bog densities up to 80 000 m-2. Standen & Latter (1977) showed that C. sphagnetorum was aggregated in peat and more numerous in litter of Calluna and Eriophorum than in Sphagnum. The gut contents of the worms indicated that they fed on decomposing litter and although fungal mycelium was present there was no evidence that they selected fungi as food.
The present work attempted to assess the influence of this animal together with that of an abundant tipulid, Molophilus ater, on the rate of decomposition by the microflora of three different kinds of blanket bog litter confined within nylon mesh bags.
Two kinds of assessment were made. First, loss of dry weight of litter from the bags was measured. Secondly, the rate of oxygen uptake of undisturbed litter bags was measured at the end of the experiment. When measuring the rate of respiration, the assumption is made that the rate of oxygen consumption by the microflora at the end of the experiment is related to the size and activity of the microbial populations in the litter bag during the course of the experiment.
Loss in dry weight of the litter during the experimental period in the field is a composite measurement due to (1) carbon loss in respiration by micro-organisms; (2) washing out of very fine particles of leaves and animal faeces and leachings; (3) carbon loss in respiration by animals; (4) increase in biomass of experimental animals or production. These last two were grouped together as assimilation losses which were estimated from respiration and production data given by .
The processes involved in loss of weight of litter are illustrated in Fig. 1 . The pathway of weight loss considered here is that due to respiration by micro-organisms. The other pathways are taken into account only in order to eliminate them from total weight loss so that microbial activity under different experimental conditions (e.g. season, litter type, number and species of animals) can be compared.
METHODS
Empetrum nigrum L. and Rubus chamaemorus L. are constants (Eddy, Welch & Rawes 1969).
Design of experiment
Three field experiments were completed, two in summer, one in winter. In the first, the litter to be used was collected from the site on 17 May 1971. Litter of three plant species was used and each was subsequently treated in three different ways with respect to the animal component. There were six replicates of each treatment. Weighed quantities of litter were put into nylon mesh bags and animals added. The litter bags were replaced in the site at random with respect to the 2 x 3 grid with one replicate per block (block 1-6) on 1 June 1971. The litter bags were retrieved at 2-day intervals over a period of 9 days beginning 14 September 1971 and stored at 10 °C for one (or two) days. Preliminary attempts to measure the rate of oxygen uptake of intact litter bags failed because they were not given sufficient time to acclimatize within the respirometer. The respiration results of the first experiment were therefore discarded. After attempting to measure the respiration rate, the bags were opened, and the litter including animal faeces, was removed. The animals were recovered using a cold water Berlese funnel and the litter was dried and reweighed.
In the second experiment, litter was collected on 23 July 1971. The same three categories of litter were used with four different animal treatments each with six replicates. The litter bags were prepared and placed in the experimental plot on 30 December 1971 and retrieved at 2-day intervals from 16 April 1972. Respiration rates were measured after a 21 h settling period and the bags were then opened and extracted as in experiment 1.
Litter for the third experiment was collected on 16 April 1972 and the litter bags were prepared as for the second experiment and left in the ground from 7 June to 14/24 September 1972, after which the respiration rates were measured and animals extracted. 
Preparation of litter bags
The bags holding the litter and containing the animals were made from nylon mesh (aperture 45 gm) over-sewn with nylon thread and approximately 3 x 5 cm in dimension.
The litter used in the experiments was: (i) Calluna leaves collected from the surface of the peat estimated as 0-2 years old. the site at random with respect to the 2 x 3 grid with one replicate per block (block 1-6) on 1 June 1971. The litter bags were retrieved at 2-day intervals over a period of 9 days beginning 14 September 1971 and stored at 10 °C for one (or two) days. Preliminary attempts to measure the rate of oxygen uptake of intact litter bags failed because they were not given sufficient time to acclimatize within the respirometer. The respiration results of the first experiment were therefore discarded. After attempting to measure the respiration rate, the bags were opened, and the litter including animal faeces, was removed. The animals were recovered using a cold water Berlese funnel and the litter was dried and reweighed.
The litter used in the experiments was: (i) Calluna leaves collected from the surface of the peat estimated as 0-2 years old.
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Influence of soilfauna on decomposition Influence of soilfauna on decomposition (ii) Dead Eriophorum leaves collected from the underside of a tussock but still attached to it, estimated as 0-2 years old.
(iii) Sphagnum collected to a depth of 3 cm with the upper 1-5 cm actively growing material removed. The material used was that at 1 5-3 cm in the Sphagnum profile-probably 0-2 years old.
The initial dry weight of litter was 0-5-1-0 g. The litter was returned to the laboratory and air dried for 1 week and dried in a vacuum oven for 48 h before being placed in the mesh bags. The bags containing the litter were then weighed, marked with coloured 'Darvic' strips and rewetted with distilled water.
Animals used in the experiments were extracted by cold water Berlese funnels from peat cores taken from the site shortly before they were required. Molophilus ater were individually weighed while Cognettia sphagnetorum were examined under the microscope to count the number of segments. Weight was estimated from a previously established relationship ); the live weight of an average size whole worm is 0.4 mg. In the first experiment either fourteen or five C. sphagnetorum were added to each bag. There was also a control without animals. Fourteen C. sphagnetorum/bag represents the upper limit of field density while five C. sphagnetorum/bag is well within the normal range. In the second and third experiments the treatments were five C. sphagnetorum/bag; five C. sphagnetorum plus one Molophilus ater/bag; one M. ater/bag; control with no animals.
The prepared litter bags were taken to the field in a cooled container. One of each litter type and animal treatment was placed in each of the six squares of the grid and all the bags were buried at a depth of 1-2 cm. Observations at the site during the course of the experiments showed that it was unlikely that any of the bags ever became dry. The litter bags were retrieved and returned to the laboratory in a cooled container.
Respirometry
The rate of uptake of oxygen by the litter was measured using a Dixon respirometer ). The undisturbed bag of litter was placed in the centre well of a 10 cm3 flask containing 2 cm3 0.1 M sodium hydroxide in the outer rim and left to settle for 21 h (experiments 2 and 3 only). Readings were then taken at 30 min intervals for a period of 5 h. The measurements were made and material stored before use at 10 °C in darkness. The results are presented as oxygen uptake minus the calculated oxygen uptake of the animals found in the litter bags at the end of the experiment (e.g. rate of oxygen uptake by one enchytraeid at 10 °C is 0-1 mm3/h).
Final treatment
When the measurements were completed the bags were removed from the respirometer, opened and the litter carefully placed in the Berlese funnel to extract the animals. The litter was then dried and reweighed. Figure 1 shows the various processes contributing to weight loss from litter. Weight loss due to the activities of micro-organisms was finally calculated as total weight loss minus: (1) loss due to leaching and washing out of fine particles. Because of the small mesh size used it is estimated that leaching losses were small; trials carried out by soaking litter bags in 100 ml distilled water and calculating the change in weight over 24 h suggest that less than 2% of the litter was lost from the bags in this way. (2) Carbon loss due to respiration by the animals during the course of the experiment (estimated from previously established relationships by (iii) Sphagnum collected to a depth of 3 cm with the upper 1-5 cm actively growing material removed. The material used was that at 1 5-3 cm in the Sphagnum profile-probably 0-2 years old.
Respirometry
Final treatment
When the measurements were completed the bags were removed from the respirometer, opened and the litter carefully placed in the Berlese funnel to extract the animals. The litter was then dried and reweighed. Figure 1 shows the various processes contributing to weight loss from litter. Weight loss due to the activities of micro-organisms was finally calculated as total weight loss minus: (1) loss due to leaching and washing out of fine particles. Because of the small mesh size used it is estimated that leaching losses were small; trials carried out by soaking litter bags in 100 ml distilled water and calculating the change in weight over 24 h suggest that less than 2% of the litter was lost from the bags in this way. (2) Carbon loss due to respiration by the animals during the course of the experiment (estimated from previously established relationships by biomass of the experimental animals. This was found by weighing individual M. ater, but each Cognettia sphagnetorum was examined, its segments counted and its weight calculated from a previously established relationship ). Table 2. biomass of the experimental animals. This was found by weighing individual M. ater, but each Cognettia sphagnetorum was examined, its segments counted and its weight calculated from a previously established relationship ).
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Loss in dry weight
RESULTS
Loss in dry weight
The initial dry weight of all three types of litter was approximately 0 5-1 0 g. Loss in dry weight during the course of the experiment was expressed as a percentage of the initial dry weight and comparisons were made on this basis. The variances in the summer 1971 experiment were high owing to deficiencies in experimental technique which were subsequently improved. The results of individual experiments are shown in Table 2 .
The difference between litter types
There was a significant difference in the percentage weight loss between the three litter types for each animal treatment and the control in all three experiments. The weight lost from Eriophorum was invariably greater than that lost from Calluna, and the loss from both of these was greater than from Sphagnum.
The difference between animal treatments
In the first experiment (summer 1971) different animal components of Eriophorum litter gave significant differences in the percentage loss of dry weight at the 5% level. The differences within Calluna and within Sphagnum were not significant, but losses in the The difference between litter types There was a significant difference in the percentage weight loss between the three litter types for each animal treatment and the control in all three experiments. The weight lost from Eriophorum was invariably greater than that lost from Calluna, and the loss from both of these was greater than from Sphagnum.
In the first experiment (summer 1971) different animal components of Eriophorum litter gave significant differences in the percentage loss of dry weight at the 5% level. The differences within Calluna and within Sphagnum were not significant, but losses in the 
Seasonal differences
The two summer experiments were in reasonable agreement and the controls showed that percentage dry weight loss in summer was approximately 1-5 times that in winter for 
The two summer experiments were in reasonable agreement and the controls showed that percentage dry weight loss in summer was approximately 1-5 times that in winter for Eriophorum, while for Calluna percentage weight loss in summer was approximately three times, and for Sphagnum seven to ten times that in winter.
Multiple regression
The results for percentage weight loss were then combined and analysed using a stepwise multiple regression technique. The BMD02R package was used which computes a 'sequence of multiple linear regression equations in a stepwise manner. At each step one variable is added to the regression equation. The variable added is the one which makes the greatest reduction in the error of the sum of squares'. The data for percentage weight loss are shown in Table 3 . The time of year at which the experiment was carried out had the greatest effect on percentage weight loss. The type of litter used was also influential. Both the initial numbers of enchytraeids and the initial numbers of tipulids used in the experiments made a significant reduction in the error of the sum of the squares. The replicate blocks 2 and 3 also gave significant F values but forcing in the effect of the blocks made no difference to the number of variables becoming significant. The nine variables included in the final equation accounted for more than 83% of the variation in percentage weight loss.
Respiration
Respiration is expressed as the rate of uptake of oxygen as mm3/g dry weight of material. Results are summarized in Table 4 which shows the respiration rates of micro-organisms with different litter types and also the influence of the animals on microbial respiration. Eriophorum, while for Calluna percentage weight loss in summer was approximately three times, and for Sphagnum seven to ten times that in winter.
Multiple regression
Respiration
Respiration is expressed as the rate of uptake of oxygen as mm3/g dry weight of material. Results are summarized in Table 4 which shows the respiration rates of micro-organisms with different litter types and also the influence of the animals on microbial respiration. The difference between litter types When respiration rate measured after 21 h was considered (Table 4 ) the results for winter 1971/2 showed a consistent trend in the series Eriophorum > Calluna > Sphagnum and in one case the difference was significant (0-05 > P> 0-01).
In the summer 1972 experiment there was again a trend in the series of decreasing respiration rate from Eriophorum to Calluna to Sphagnum (although none of the differences were significant and the respiration rate was generally higher than in winter. However the respiration rate of the control bags was similar in both seasons.
The differences between animal treatments
Analysis of variance showed one case out of six (Eriophorum in summer) where the numbers and species of animals added to the litter resulted in a significant increase in the respiration rates of the litter. The respiration rates of,all those litter bags containing animals (Y) were plotted against the rates for the control bags without animals (X). The correlation coefficient was low and the rate of respiration of bags with animals was not significantly greater than the rate of respiration of the controls. The equation was Y = 1 24 + 123X (r = 0.392, d.f. = 115) (slope not significantly different from 1).
Seasonal differences
Respiration rates measured after 21 h for winter 1971/2 and summer 1972 showed that for the experiments with five enchytraeids the summer rate was 1-3 times the winter rate; for five enchytraeids and one tipulid the summer rate was 1 2 times the winter rate but for the control and the bags with one tipulid the summer rate was slightly less than the winter rate.
Multiple regression
The respiratory data were subjected to the same stepwise multiple regression procedure as the weight loss data. Results are summarized in Table 5 . When percentage weight loss and weight loss were omitted the number of enchytraeids used and Eriophorum had a The difference between litter types When respiration rate measured after 21 h was considered (Table 4 ) the results for winter 1971/2 showed a consistent trend in the series Eriophorum > Calluna > Sphagnum and in one case the difference was significant (0-05 > P> 0-01).
The differences between animal treatments
Seasonal differences
Multiple regression
The respiratory data were subjected to the same stepwise multiple regression procedure as the weight loss data. Results are summarized in Table 5 . When percentage weight loss and weight loss were omitted the number of enchytraeids used and Eriophorum had a significant effect on the respiration rate of litter. Season and the number of tipulids also influenced respiration rate but not enough to produce a significant reduction in the error of the sum of squares. The significant variables accounted for only 13% of the total variance. 
Change in biomass of experimental animals
The enchytraeid used in the experiments, Cognettia sphagnetorum, reproduces by fragmentation. Change in biomass was estimated as the difference in total number of segments of worms extracted from the bags compared with the number added at the beginning of the experiment. Changes in biomass are shown in Table 6 .
Apart from the winter 1971/2 experiment with five enchytraeids and one tipulid, the same series of changes in biomass in C. sphagnetorum were found. With Sphagnum there was always a decline, while with Calluna and Eriophorum there was an increase in biomass. The differences were significant in four out of six cases.
Increase in biomass of C. sphagnetorum was greater with a low starting density (summer 1971) and in the absence of tipulids (winter 1971/2 and summer 1972) but no significant differences were obtained.
With one exception the change in standing crop and final standing crop of enchytraeids with or without tipulids in Eriophorum and Calluna was higher in summer 1972 than in winter 1971/2.
Molophilus ater were weighed live at the beginning and end of the experiments. Change in biomass is shown as the increase in weight from an individual live starting weight of I 1 or 1 2 g in Table 7 for winter 1971/2. Only the winter experiment was successful. Mortality was 50% (eighteen out of thirty-six individuals). In the summer 1972 experiment the animals available were first instar weighing approximately 0-3 g live weight and it is assumed that these fragile animals subsequently died in the course of the experiment as a significant effect on the respiration rate of litter. Season and the number of tipulids also influenced respiration rate but not enough to produce a significant reduction in the error of the sum of squares. The significant variables accounted for only 13% of the total variance. 
Molophilus ater were weighed live at the beginning and end of the experiments. Change in biomass is shown as the increase in weight from an individual live starting weight of I 1 or 1 2 g in Table 7 for winter 1971/2. Only the winter experiment was successful. Mortality was 50% (eighteen out of thirty-six individuals). In the summer 1972 experiment the animals available were first instar weighing approximately 0-3 g live weight and it is assumed that these fragile animals subsequently died in the course of the experiment as a Two different measures of decomposition were used. One of these, the rate of loss of dry weight, was expressed as percentage weight loss due to microbial respiration over a period of 4 months in the field and showed that both enchytraeids and tipulids were influential. Nine variables were included in the final multiple regression equation and accounted for 83% of the variation.
The second method measured microbial activity as the rate of oxygen uptake by the contents of litter bags minus animal respiration. The laboratory rates represented the state of the microbial population at that time, but nothing was known of the stage of succession in the field and the final rate may not correspond to the overall activity of the populations during the whole 4 months in the field. Only 13% of the variation was accounted for by two variables included in the final regression equation (number of enchytraeids and Eriophorum). Variation in water content of the litter was not excessive but was not measured for each individual bag and was thus not included as a regression variable. This failure to account for the difference in water content may explain the lack of significance in the respiration data.
Only in the summer experiments did the introduction of animals to the litter bags cause an increase in weight loss of litter. This may be because animals were feeding less in winter or that micro-organisms were inactive or not colonizing the available material.
The difference between the effect of enchytraeids and tipulids on respiration and weight loss shown by the two multiple regression equations suggests that tipulids may contribute more to weight loss by washing out of particulate matter than to weight loss due to increased microbial populations. An alternative explanation is that the high death rates of the tipulids in the litter bags stimulated decomposition via the release of minerals, but that these effects had subsided and were not detected as increased respiration by the end of the experiment. This is confirmed to some extent in that the final weight of tipulids has a low negative regression coefficient with percentage weight loss.
Feeding and choice experiments by Latter and Howson (unpublished) showed that Cognettia sphagnetorum prefers and grows fastest on older partly decomposed litter of Calluna, Eriophorum and Rubus over Sphagnum, while Standen & Latter (1977) demonstrated from field experiments that Cognettia sphagnetorum is a saprovore and was found in greatest numbers in older litter of Eriophorum and Calluna. In the present series of experiments, the weight loss and to a lesser extent, the respiratory uptake of Eriophorum and Calluna litter was increased in the presence of enchytraeids and tipulids. Also both species increased in biomass only when confined with either Calluna or Eriophorum litter. The changes in weight of the litter and the respiration of the litter bags was due to increased activity of microbial populations in the presence of animals and it is suggested that this is because animals feed more in Calluna and Eriophorum compared own bodies is returned to the pool of dead organic matter when they die and have pointed out that nutrients in short supply in some litters are concentrated in the bodies of dead soil animals and may be the focus of microbial activity.
Many authors (e.g. Bornebusch 1930; Drift 1958) have suggested that soil animals may also affect decomposition indirectly because the material they egest as faeces is a more suitable substrate for microbial activity than undigested litter. demonstrated a large increase in numbers of bacteria in the faeces of earthworms as compared to soil. The object of the present study was to assess the influence of two soil animals-Cognettia sphagnetorum and Molophilus ater on the rate of decomposition of blanket bog litter acting indirectly through their feeding activities on the size of microbial populations.
Two different measures of decomposition were used. One of these, the rate of loss of dry weight, was expressed as percentage weight loss due to microbial respiration over a period of 4 months in the field and showed that both enchytraeids and tipulids were influential. Nine variables were included in the final multiple regression equation and accounted for 83% of the variation.
Feeding and choice experiments by Latter and Howson (unpublished) showed that Cognettia sphagnetorum prefers and grows fastest on older partly decomposed litter of Calluna, Eriophorum and Rubus over Sphagnum, while Standen & Latter (1977) demonstrated from field experiments that Cognettia sphagnetorum is a saprovore and was found in greatest numbers in older litter of Eriophorum and Calluna. In the present series of experiments, the weight loss and to a lesser extent, the respiratory uptake of Eriophorum and Calluna litter was increased in the presence of enchytraeids and tipulids. Also both species increased in biomass only when confined with either Calluna or Eriophorum litter. The changes in weight of the litter and the respiration of the litter bags was due to increased activity of microbial populations in the presence of animals and it is suggested that this is because animals feed more in Calluna and Eriophorum compared Probably the majority of primary production on bogs falls to the surface and is incorporated into the litter in a relatively unmodified form; little is eaten by herbivores and returned to the soil as faeces . The majority of the material is unpalatable to most invertebrates and colonized only slowly by microorganisms such as Marasmius androsaceous ). Saprovores such as Cognettia sphagnetorum feed on the partially changed litter and their faeces promote the activity of other species of micro-organisms; a succession of species of microflora has been identified on faecal pellets ). This probably takes place faster in some areas of blanket bog than others. Older Eriophorum supports more enchytraeids than Calluna which contained more than Sphagnum (Standent & Latter 1977).
Cognettia sphagnetorum is mobile and hence able to find pockets of suitable food. Population density and absolute productivity are high although annual P:B is low due to the mode of reproduction by fragmentation which gives a high average biomass. By passing on nutrients and growth from one generation to the next the population exists at a high biomass throughout the growing season and consumption is therefore maximal. Furthermore, as food becomes available due to a rapid increase in microbial activity C.
with Sphagnum and therefore increased activity of microbial populations is associated with the production of faeces.
If animals do stimulate the decomposition of litter by micro-organims we ought to be able to show that the amount of litter which the animals eat in the field is at least not trivial. At Moor House Cognettia sphagnetorum, Molophilus ater and another tipulid larva Tipula subnodicornis (Zetterstedt) are dominant'components of the soil fauna in blanket bog. Cognettia sphagnetorum occurs in large numbers and production of a population of 40 000-50 000 m-2 was estimated to be approximately 13 g m-2 y-1 live weight (53 754 J m-2 y-) in 1968/9 (Standen 1973), and total assimilation was estimated to be 2% of the annual input of dead plant material. As the assimilation efficiency of most saprovores is low the amount of food consumed is likely to be much greater. Probably the majority of primary production on bogs falls to the surface and is incorporated into the litter in a relatively unmodified form; little is eaten by herbivores and returned to the soil as faeces . The majority of the material is unpalatable to most invertebrates and colonized only slowly by microorganisms such as Marasmius androsaceous ). Saprovores such as Cognettia sphagnetorum feed on the partially changed litter and their faeces promote the activity of other species of micro-organisms; a succession of species of microflora has been identified on faecal pellets ). This probably takes place faster in some areas of blanket bog than others. Older Eriophorum supports more enchytraeids than Calluna which contained more than Sphagnum (Standent & Latter 1977).
Cognettia sphagnetorum is mobile and hence able to find pockets of suitable food. Population density and absolute productivity are high although annual P:B is low due to the mode of reproduction by fragmentation which gives a high average biomass. By passing on nutrients and growth from one generation to the next the population exists at a high biomass throughout the growing season and consumption is therefore maximal. Furthermore, as food becomes available due to a rapid increase in microbial activity C. sphagnetorum is able to reproduce a new generation which can commence feeding very quickly. Tail fragments regenerate a new head and mouth in 25 days providing the temperature is over 5 °C; thus within 4 weeks the potential feeding rate could at least double. The size of the population of C. sphagnetorum may be controlled by the rate at which litter at a suitable stage of decomposition becomes available and the limit to this process is probably set by the activity of colonizing micro-organisms under the prevailing conditions of low temperature during a short growing season and by deficiency of some essential nutrients. A possible density dependant effect is suggested by the inverse relationships between increase in biomass of C. sphagnetorum and initial numbers in the litter bags. At the same time as litter becomes available saprovores feed and produce faeces which are invaded by other microbial species. The faeces are successively decomposed or reinjested by detritivores. In blanket bog a considerable proportion of the annual input of litter is not decomposed and accumulates as peat where further decomposition is very slow due to waterlogging and anaerobiosis.
To summarize, the chain of events in the decomposition of blanket bog litter is as follows.
Newly dead litter -------Respiratory losses due to colonizing micro-organisms
Modified litter
Respiratory losses of saprovores, e.g. C. sphagnetorum plus microorganisms plus fungivores r oFaeces Respiratory losses of a succession of microbial species plus coprophages, fungivores and detritivores This work suggests that the stimulatory effect of C. sphagnetorum and Molophilus ater on the decomposition (weight loss) of litter is appreciable in summer ( x 1.35), but much less so in the winter months.
